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Project Objectives: Next Generation Residential Space Conditioning System
(Next -Gen RSCS) for California
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Next -Generation Space Conditioner Enhancing Technology Features
multiple energy efficiency features integrated into single system

1. Variable Capacity Compressor

2. Variable Speed Indoor Blower

3. Auto Demand Response

4. Alternative Refrigerant

5. Zonal Control

6. Fault Detection & Diagnostics

7. Dual Fuel (Intelligent Heating)

8. Integrated Ventilation Control
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Next-Gen RSCSSummary Results
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Variable Capacity Compressor
Variable Speed Indoor Blower
Auto Demand Response
Alternative Refrigerant
Zonal Control
Fault Detection & Diagnostics
Dual Fuel (Intelligent Heating)

Integrated Ventilation Control
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Technology Attributes Lab Tested in  Phase 1 and Phase 2

Technology Attributes EPRI PG&E WCEC

VariableCapacityCompressor

Phase 1
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Daikin/Goodman residential heat pump units undergo testing at EPRI Thermal Laboratory, PG&E Applied Technology Services, and UC Davis Western Cooling Efficiency Center

Outdoor Chamber A 3 e ! Exhaust Fan

EPRI Thermal Lab Environment Chambers

o~ Ductwork Setup in WCEC Testing Chamber Schematic of Test Setup
O e SR
Indoor Unit Setup at PG&E

Outdoor Unit

Laboratory Evaluation: Phase 1 and Phase 2
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Phase 3 Field Evaluation

WWwWw.epri.com

Attribute/IOU PG&E * SCE * SDG&E
City West Sacramento Chino Hills San Diego
Climate Zone 12 10 7
Area () 2507 1850 1906
Home Vintage 2008 1993 1980
Existing HVAC witr?éc::?:jr(r:lace witf?é:: Cllzﬁrcliace Witr?éz[: ?:jrcr:]ace
Location of Ducts Attic Attic Attic
Existing AC Size  3-ton Condenser 4 4
(Tons) 4-ton AHU
Floors 2 2 1
Bediooms : . 3
Number of Resident 4 + 1 pet 4 + 1 pet 1+3 pets

Installed NexdGen 4-ton ducted split

RSCS

New ducting

w/ gas furnace

R6

4- ton ducted split
w/ gas furnace

R-8

4- ton ducted split
w/ gas furnace

R-8

© 2019 Electric Power Research Institute, Inc. All rights reserved.
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Technology Features Evaluated by Project Phase
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Field Installation: Host Sites

PG&E site SCE site
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SDG&E site
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Field Installation: System M&V

Outdoor Unit

Thermostat and sensors

WWWw.epri.com

Indoor Air Handling Unit

Attic Ducting

© 2019 Electric Power Research Institute, Inc. All rights reserved.

EWC Controller

EPRI M&V Box
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Next-Gen RSCS Evaluation Results

Unit cooling efficiency results @ PG&E site

Unit heating efficiency results @ PG&E site
8.

Variable Capacity Compresso
Variable Speed Indoor Blower
Auto Demand Response
Alternative Refrigerant

Zonal Control

Fault Detection & Diagnostics
Dual Fuel (Intelligent Heating)

Integrated Ventilation Control

Next-Gen RSCS provides 22 -32% cooling energy savings and over 90% of annual

WwWw.epri.com

heating load without backup for CA.

© 2019 Electric Power Research Institute, Inc. All rights reserved.
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Next-Gen RSCS Evaluation Results
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Next-Gen RSCS Evaluation Results
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Comparison of R -32 and R-410A in Variable Capacity Heat Pump

Equipment Cooling Efficiency Improvement for
California Residences

California Representative Cit VCHP VCHP
Climate Zone P y R-410A
1 Arcata - -
2 Napa 32.3% +1.8%
3 Oakland 25.5% +2.4%
4 San Jose 29.6% +2.5%
6 Los Angeles 30.2% +2.2%
7 San Diego 28.3% +2.2%
8 Long Beach 29.9% +3.0%
10 Riverside 30.3% +2.2%
12 Stockton 28.6% +2.5%
13 Fresno 28.2% +2.6%
15 Blythe 22.4% +2.7%
22

R-32 improves cooling efficiency by 2

Equipment Cooling Peak Demand
Reduction for Residences

Outdoor VCHP VCHP
Temperature (F) R-410A

95 3.7% 10.4%

105 3.3% 10.3%

115 2.6% 10.8%

-3% and peak demand reduction

by 7-8% compared to R -410A across CA climate zones.

WWwWw.epri.com
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Next-Gen RSCS Evaluation Results

WWwWw.epri.com © 2019 Electric Power Research Institute, Inc. All rights reserved.


http://www.epri.com/

Next-Gen RSCS Evaluation Results
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Next-Gen RSCS Evaluation Results

Dual fuel functionality adds versatility to Next

WWWw.epri.com

heating capability in the future

© 2019 Electric Power Research Institute, Inc. All rights reserved.

Variable Capacity Compressol
Variable Speed Indoor Blower
Auto Demand Response
Alternative Refrigerant

Zonal Control

Fault Detection & Diagnostics
Dual Fuel (Intelligent Heating)

Integrated Ventilation Control

-Gen RSCS to provide intelligent
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Next-Gen RSCS: Dual Fuel Heating Capabillity

Utility Rates Information Breakeven Temperature

Electricity Gas
[$/kWh] [$/thm]

California Average 0.19 1.25

National Average 0.12 1.05

Utility rates are for incentivizing heat pump

WWwWw.epri.com © 2019 Electric Power Research Institute, Inc. All rights reserved.
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usage
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Next-Gen RSCS: Dual Fuel Heating Capabllity 2 cont.

Average coldest temperature
in CA climate zones

Design Point for PG&E site

Outdoor 33F 23 °F
Temperature
Indoor Temperature 70°F
[ No heating Ioad}
] at 65°F
Heating Load 24,000Btu/h

|

Heat pumps are well suited for CA climate zones since they can meet almost all

loads in the heating season
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Next-Gen RSCS Evaluation Results
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Next-Gen RSCS Evaluation Results
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Equipment COP and Duct Efficiency vs.
Compressor and Fan -Speed
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Equipment performance increases as speed Delivery effectiveness decreases as speed

reduced reduced
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System COP
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Impact of Adding Zoning:  (Attic: 115 °F, Indoor: 75 °F)

Zoning can significantly reduce duct losses at low speed
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Zoning versus Adding Insulation: ( Attic: 115 °F, Indoor: 75 °F)
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Field Evaluation of Duct Losses
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Delivery Effectiveness for Each Grill

Delivery effectiveness varies between grills and ranged from 20 -80%.
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Impact of Duct Velocity and Delivery Effectiveness
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Sensible Delivery Effectiveness

0 200 400 600 800
Final Branch Duct Velocity [ft./min.]

50% reduction in fan speed results in only 30% reduction in delivered capacity

WWwWw.epri.com
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Higher Velocity Resulted in Higher Delivery Effectiveness

WwWWw.epri.com

Sensible Delivery Effectiveness
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Total Flow [cfm

—e—Entry Vent
—e—Dining Vent
—e—Kitchen
—eo—Family
Room
-e—Guest Bed
—e—Laundry
—eo—Master Bed
—e—Master
Tollet
—e—Bedroom 3
—e—Bedroom 2
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Equipment and System COP (SDG&E)
Cooling Data
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Next-Gen RSCS: Takeaways
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Suggestion: Configure the Next -Gen RSCS into Different Models

Efficiency/Cost Savings Potential
Next-Gen RSCS compared to Base Intermediate  Premium
Energy Efficiency Technology Feature SEER 14 single speed Model Model Model
without that feature

Variable-Capacity Compressor & Blower 22% to 32% in this study

A request to the manufacturers to configure different models of

Next-Gen RSCS for different market segments/climates/demographics

WWwWw.epri.com © 2019 Electric Power Research Institute, Inc. All rights reserved.
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Opportunities for Future R&D
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Technology Transfer to Stakeholders
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